Inhibition of soluble epoxide hydrolase (sEH) has been proposed as a new pharmaceutical approach for treating hypertension and vascular inflammation. The most potent sEH inhibitors reported in literature to date are urea derivatives. However, these compounds have limited pharmacokinetic profiles. We investigated non-urea amide derivatives as sEH inhibitors and identified a potent human sEH inhibitor 14-34 having potency comparable to urea-based inhibitors.
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Soluble epoxide hydrolase (sEH) is an enzyme that is involved in the metabolism of lipid epoxides. 1 This enzyme is found in various mammalian tissues and is mostly located in liver, kidneys and vascular tissues. 2 It converts endogenous substrate-epoxyeicosarienoic acids (EETs)-to dihydroxy eicosatrienoic acids (DHETs), which show abolished or diminished or changed biological activity. 3 EETs act as vasodilators in various arteries (renal, cerebral, and coronary), 4 protect from ischemic injury 5 and manifest antiinflammatory properties. 6 sEH inhibition increases cellular EETs levels and promote this activity. Several preclinical studies suggest that inhibition of sEH may represent a novel approach to treat hypertension, organ protection and inflammation. [7] [8] [9] [10] Furthermore, it has been shown that sEH inhibition reduces pain in several animal models.
11
Initial sEH inhibitors with IC 50 in the lower nanomolar range included N,N 0 -disubstituted ureas, N,N 0 -dicyclohexylurea (DCU) and N-adamantyl-N 0 -cyclohexylurea (ACU) (Fig. 1) . 12 However, poor water solubility and limited in vivo studies 13 led to a design of the second generation of sEH inhibitors, 12-(3-adamantan-1-ylureido)dodecanoic acid (AUDA) and 1-adamantan-1-yl-3-{5-[2 -(ethoxyethoxy) ethoxy]pentyl}urea (AEPU) with improved water solubility and maintained inhibition. 14, 15 However, these inhibitors suffered from rapid metabolism in vivo. 16 Recent studies have focused on piperidine-based di-and trisubstituted ureas, such as
17,18 Some of these piperidine-based compounds possess low nano to picomolar activity and good pharmacokinetic properties in different animal models.
17-21
These extensive structure-activity relationship (SAR) studies suggested that the pharmacophore for sEH inhibitors should include a central urea moiety for hydrogen bonding to two tyrosine residues (Tyr381 and Tyr465) and one Asp333 residue-all three located in the hydrolase catalytic pocket of sEH.
22
Several common urea modifications such as thiourea, sulfonyl urea, amide and aminomethylene amide have been incorporated into central pharmacophore in order to maintain similar binding profile to that of urea but improve potential therapeutic applications. 23 We sought to identify potent, selective non-urea sEH inhibitors effective in vivo with good metabolic stability and pharmacokinetic and distribution properties, to test as an anti-hypertensive and anti-inflammatory drug candidate. A sensitive fluorescent based assay 29 was employed to determine IC 50 values. Using high throughput screening we have previously reported a series of non-urea sEH inhibitors with low micromolar to nanomolar potency. 24 From the compound collection provided by the NIH Roadmap project we identified sulfonyl isonipecotamide 1, a potent sEH inhibitor (IC 50 = 20 nM). 25 In addition, we synthesized a secondary library of compounds based on 1 and SAR revealed the most potent non-urea sEH inhibitor in that study, compound 2 with IC 50 = 7.9 nM (Fig. 2) . 24 Herein we report design, synthesis and biological evaluation of non-urea sEH inhibitors based on compound 2.
Our evaluation of the SAR for 2 started with replacement of the sulfonamide moiety with both an amide and methylene group, in order to better understand what structural feature of the 'secondary' pharmacophore is important for sEH inhibition. Furthermore, amides have in general better properties for formulation. Additionally, we designed a compound in which the sulfonamide group was retained, but the central amide moiety was reversed. These three compounds were prepared by standard synthetic methods from commercially available starting materials (Scheme 1). Thus, per Scheme 1, cycloheptylamine 3 was condensed with Boc-isonipecotic acid 4 under standard peptide coupling conditions. The Boc group of the amide 5 was removed with TFA to afford amine 6, which was reacted with 2,4,6-trimethylbenzoyl chloride to yield amide analog 7. In order to synthesize the methylene analog of compound 2, amine 6 was treated with mesitaldehyde under reductive amination conditions, which gave the final product 8. The reversed amide analog was synthesized in similar fashion. Commercially available cycloheptanecarboxylic acid 9 and 4-amino-1-Boc-piperidine 10 were condensed under EDC coupling conditions to afford amide 11, which was subsequently deprotected to furnish amine 12. The amine 12 was sulfonylated with 2-mesitylenesulfonyl chloride to afford analog 13 (Scheme 2). This first set of compounds demonstrated that the sulfonamide group is important for recognition by sEH, since replacement with an amide group, as in compound 7, resulted in a sixfold decrease in binding affinity (IC 50 = 46.1 nM). Compound 8, which contains a methylene group, suffered a 15-fold loss of inhibitory potency (IC 50 = 120 nM). The effect of reversing amide group in compound 13 resulted in a small, 2.5-fold decrease in the binding affinity for sEH (IC 50 = 22 nM), supporting previous studies that the proton in NH (both in urea and amide sEH inhibitors) is important in sEH inhibition, ostensibly forming a salt bridge with the catalytic nucleophile Asp333. 26 These results returned our attention to the SAR of the right-hand side of the sulfonamide group of the original lead compound 2. Thus, amine 6 was reacted with a variety of sulfonyl chlorides to yield products 14-1 to 14-51. This group of analogs will allow us to evaluate the role of different substituent on this part of the molecule. We introduced as well several different polar groups on the aromatic ring in order to obtain compounds that will be easier to formulate and administer. The results are summarized in Table 1 . As illustrated in Table 1 , the diverse right-hand side modifications led to improved or similar potency (14-7, 14-27, 14-31 and 14-34) over the original sulfonamide analog 2 and several structure-activity relationships can be discerned in this series of analogs. First, the nonpolar group 
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Cl F COOH 6000 (continued on next page) On the other hand, hydrophobic alkyl groups or halogen substitution at the ortho-position enhanced low nanomolar potency of the para-and meta-substituted analogs, suggesting that some of the substituents on the aromatic ring act synergistically (14-27, 14-28, 14-32 and 14-34).
Overall, polar groups were not tolerated in any position on the aromatic ring (14-37, 14-40), even if a hydrophobic group was present in ortho-position (14-38, 14-43). Furthermore, aromatic analogs appeared to be more favorable compared to the alkyland cyclo-sulfonamides (14-1, 14-2, 14-3, 14-4, and 14-5). Only the thiophene analog attached to the sulfonamide moiety via position 3 (14-51) had low nanomolar potency compared with other thiophene analogs that are linked via position 2 (14-47, 14-48, 14-49 and 14-50).
Although potency of amide analog 7 showed a sixfold decrease compared to lead compound 2, the SAR on the right-hand side of the molecule was obvious and since the amide has better pharmacokinetic properties 28 compared to the corresponding sulfonamide, we decided to design a small library of amide analogs, 15-1 to 15-12, as it is outlined in Scheme 1. However, the various modifications of the aromatic ring did not improve potency further (Table 2 ).
In conclusion, we have successfully improved the potency of nonurea sulfonamide analogs through SAR-guided modification. Compound 14-34, 30 with an IC 50 of 1.6 nM, represents the most potent non-urea sEH inhibitor reported to date. Pharmacokinetic evaluation and pre-clinical studies of selected potent inhibitors are planned.
